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Ro ma nia has a long his tory of hy dro car bon pro duc tion and tens of thou sands of bore holes have pen e trated Mio cene strata.
Many well cores or cut tings have been ei ther lost or dam aged, but lab re ports con tain ing valu able petrographic,
paleontological and struc tural data are still avail able. Most of the knowl edge of the subsurface re lies on old de scrip tions and
in ter pre ta tions used by the oil in dus try. These data have not been re cently up dated, while re search re sults from the last de -
cade sug gest po ten tial changes in stra tig ra phy, es pe cially for the lower to mid dle Mio cene suc ces sion. In or der to up date,
cal i brate, and re duce un cer tain ties re gard ing the subsurface strati graphic re cord, we have re viewed the lab re ports and used 
equiv a lent field sam ples for an up dated in ter pre ta tion of the lower to mid dle Mio cene suc ces sion. Core and cut ting de scrip -
tions from bore holes cov er ing an area of ~10,000 km2 in the Diapir Fold Zone of the East ern Carpathians have been se lected 
and biostratigraphically re-eval u ated based on microfossils and cal car e ous nannofossils. In many cases, highly un cer tain
ages were pre vi ously in ter preted as Oligocene and early Mio cene. Our re cent data sug gest that most of the lower Mio cene is
ei ther dif fi cult to de ter mine or has been re in ter preted as mid dle Mio cene (e.g., Cornu and Doftana for ma tions). This sig nif i -
cant change in ages re quires an up dated model for the tim ing of re gional struc tural evo lu tion and may open new ex plo ra tion
op por tu ni ties in this highly ma ture hy dro car bon area. This study dem on strates the need for a new com plete and re li able
strati graphic frame work for the whole Mio cene strati graphic re cord of the East ern Carpathians.
Key words: biostratigraphy, re-eval u a tion, Carpathian Bend Zone, Mio cene, microfossils.
INTRODUCTION
The area known as the Diapir Fold Zone (DFZ) of the East -
ern Carpathians (Figs. 1 and 2) is a highly ma ture hy dro car bon
area with an ex trac tion his tory of more than 130 years. This pro -
lific hy dro car bon area hosts the larg est on shore oil fields in Ro -
ma nia. Some of these fields are struc tur ally as so ci ated with salt 
diapirs, and the term “diapir” was in tro duced by Mrazec in 1907
from this area (Mrazec, 1910; Tãmaê et al., 2018).
Al though the Carpathian Bend Zone (CBZ) area has a long
his tory of ex plo ra tion and pro duc tion and an im mense quan tity of 
data has been re corded from the subsurface, the strati graphic
frame work is cur rently out dated. There fore, re vi sion of the for mal 
and in for mal strati graphic units has be come a pri or ity.
The fo cus of this study is the highly un cer tain lower to mid -
dle Mio cene suc ces sion. We aim here to cal i brate the
subsurface data with re spect to re cent de vel op ments in both in -
ter na tional and re gional stra tig ra phy. 
* Cor re spond ing au thor, e-mail: sorin.filipescu@ubbcluj.ro
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Our biostratigraphic ap proach has raised ques tions, and of -
fered some an swers, which may im pact both strati graphic and
struc tural in ter pre ta tion of the area. In sev eral cases, the for ma -
tions proved to be much youn ger and, con se quently, a fur ther
de tailed ex am i na tion of the whole re gion is highly rec om -
mended as a pri or ity in or der to re veal new ex plo ra tion op por tu -
ni ties in this highly ma ture hy dro car bon area.
GEOLOGICAL BACKGROUND
The Ro ma nian Carpathians are an Al pine orogen (Fig. 1)
and re cord the Me so zoic and Ce no zoic evo lu tion of Tethys and
sub se quent Paratethys (Bãncilã, 1958; Sãndulescu, 1984,
1988; Csontos and Vörös, 2004; Schmid et al., 2008). The first
compressional event started in the late Ju ras sic and emplaced
nappe struc tures of the in ner Ro ma nian Carpathians dur ing the 
mid-Cre ta ceous (Sãndulescu, 1984; Csontos and Vörös,
2004). Start ing with the Burdigalian, the subduction of the
Carpathian embayment cre ated a for ward-break ing se quence
of nappes (con vo lute flysch, Macla and Audia nappes). Fol low -
ing the lat est Burdigalian to Badenian thrust ing of the Tarcãu
Nappe (Dumitrescu, 1948, 1952), the Subcarpathian Nappe
(Mrazec and Popescu-Voiteêti, 1914; Bãncilã, 1958) was
thrusted over the undeformed fore land dur ing the Sarmatian
(Sãndulescu, 1984, 1988; Maïenco and Bertotti, 2000; Merten
et al., 2010; Maïenco, 2017). Dur ing the lat est Sarmatian to
early Maeotian a set of ~NW-SE dextral strike-slip faults were
ac tive in the CBZ (Maïenco and Bertotti, 2000). The Walachian
de for ma tion of the Carpathians took place dur ing the late Mio -
cene (Maeotian) to Ho lo cene (Hippolyte and Sãndulescu,
1996). This stage was in ter preted as re flect ing intra-plate com -
pres sion ac com mo dated by thick-skinned de for ma tion
(Cloetingh et al., 2004; Schléder et al., 2019). The re sult ing de -
for ma tion was char ac ter ized by up to 4 km of up lift, ero sion and
out-of-se quence thrust ing (Sanders et al., 1999; Merten et al.,
2010). The post-Oligocene short en ing in the DFZ was ~40 km
dur ing the mid dle Mio cene (Badenian–Sarmatian) and
~1–2 km dur ing the Wallachian phase (Schléder et al., 2019).
As this study fo cuses on the lower to mid dle Mio cene strati -
graphic re cord of the DFZ (Fig. 2), the fol low ing sec tion de scribes 
the stra tig ra phy as pub lished, with out any re in ter pre ta tion.
The Carpathian Fore land Ba sin (CFB) de vel oped un der
con tin u ous sub si dence and fa voured the de po si tion of deep
ma rine (“flysch type”) sed i men ta tion (Conïescu et al., 1966;
Sylvester and Lowe, 2004) dur ing the Oligocene to the early
Mio cene. As the sub si dence rate re duced dur ing the early Mio -
cene, the rel a tive sea-level in the CFB also de creased, which
led to the pre cip i ta tion of evaporites in this shal low ma rine ba sin 
(tefãnescu, 1995; Schléder et al., 2019). The mid dle Mio cene
se quence may be syn-tec tonic and mostly de pos ited in a
piggy- back set ting (Bercea et al., 2016a; Schléder et al., 2019).
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Fig. 1. Lo ca tion of the area stud ied
Dur ing the mid-Badenian, an other evaporitic event took place
(i.e., de Leeuw et al., 2010). The late Sarmatian marked the end 
of the com pres sion and started the evo lu tion of the Dacian Ba -
sin (Jipa and Olariu, 2009). The up per Mio cene is syn-tec tonic
and transgressive, de pos ited over a re gional un con formity on
the top of the Eocene, Oligocene, and Mio cene strata
(tefãnescu et al., 1988; Schléder et al., 2019).
The Mio cene strati graphic re cord ranges in thick ness from
300 to 700 m (Patrulius et al., 1968) and is pre served in the
Outer Moldavides (Sãndulescu, 1984). Based on a model of
Oligocene to Mio cene deep ma rine sed i men ta tion with ba -
sin-scale anoxic events, two lithofacies types have been de -
scribed in the Tarcãu Nappe (Olteanu, 1952; Popescu, 1952;
Patrulius et al., 1968; Sãndulescu et al., 1995): the in ter nal
Pucioasa-Fusaru (Popescu-Voiteêti, 1900 and Mrazec, 1911,
fide Bãncilã, 1958) and the ex ter nal Kliwa (Patrulius et al., 1968; 
Sãndulescu et al., 1995). The for mer was con sid ered as be -
long ing to the in ter nal part of the foredeep ba sin, while the lat ter
was in the ex ter nal part, with a tran si tion area in be tween
(Sãndulescu et al., 1995; Grasu et al., 2007).
The Cornu For ma tion (Mrazec and Popescu-Voiteêti,
1914), con sid ered as lower Burdigalian prior to this study
(Mãrunïeanu, 1999) is mainly a ma rine siliciclastic unit con tain -
ing mudstones, glauconitic sand stones, and lo cally gyp sum
and olistrostomes (Frunzescu, 2013). At the base of the Cornu
For ma tion, the evaporitic de pos its were sep a rated as the
Sãrata Mem ber (Mrazec and Popescu-Voiteêti, 1914; Patrulius
et al., 1968; tefãnescu, 1978); its equiv a lents are the “lower
gyp sum mem ber" (Sãndulescu et al., 1995; Mãrunïeanu, 1999)
of the Tarcãu Nappe and the salt de pos its in the Subcarpathian
Nappe (Sãndulescu et al., 1995).
The over ly ing Doftana For ma tion (sensu tefãnescu and
Mãrunïeanu, 1980) starts with the Brebu Con glom er ate fol -
lowed by thick sand stones with in ter ca la tions of mudstone and
gyp sum (Frunzescu, 2013). It is up to ~1200 m thick (Patrulius
et al., 1968) and was de pos ited un der sub-ae rial to shal low ma -
rine fan-delta con di tions (Guzman, 2001). Orig i nally, the up per
sandy part was con sid ered as early Mio cene (“Hel ve tian”) in
age (Patrulius et al., 1968), but later stud ies con sid ered the
whole for ma tion as early to mid dle Mio cene (Mãrunïeanu,
1999; Melinte-Dobrinescu and Stoica, 2013).
Sed i men ta tion con tin ued dur ing the mid dle Mio cene (early
Badenian) with the Câmpiniïa For ma tion (Crihan, 1999) or
Slãnic For ma tion (Melinte-Dobrinescu and Stoica, 2013) con -
sist ing of the Slãnic Tuff interbedded with marlstones. The fol -
low ing evaporitic unit, cor re lated with the mid-Badenian sa lin ity
cri sis in the Paratethys Sea, has been called the “evaporite for -
ma tion” (Popescu, 1951; Olteanu, 1951; Patrulius et al., 1968;
Melinte-Dobrinescu and Stoica, 2013); how ever, in some in ter -
pre ta tions, only a sin gle mid dle Mio cene salt level is pres ent
(Athanasiu, 1916). The up per Badenian con tains the
radiolarian shales and pteropod (Spirialis) marls of the Te lega
For ma tion (Crihan, 1999). The Sarmatian Mãceêu For ma tion
(Crihan, 1999) with mudstones and a tuffitic in ter ca la tion com -
pletes the mid dle Mio cene suc ces sion.
MATERIAL AND METHODS
Our biostratigraphic ap proach has in cluded both re-eval u a -
tion of ex ist ing subsurface data and the ex am i na tion of new
equiv a lent sur face sam ples col lected from the field. For a better 
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Fig. 2. Lo ca tion of the bore holes stud ied in the Diapir Fold Zone (based on the Geo log i cal Map of Ro ma nia, scale 1:200,000)
un der stand ing of the cri te ria used for the biostratigraphy of the
CBZ, core and cut ting lab re ports were ana lysed for >900 bore -
holes, in or der to se lect the best can di dates. Out of these, 65
bore holes (Fig. 2), some dat ing back to the 1950s, have been
se lected based on the length of in ter vals suit able for
biostratigraphic anal y sis (Tãmaê, 2018). These cover an area
of ~10,000 km2 in the DFZ of the East ern Carpathians. The
biostratigraphic re eval u a tion has been based on foraminifera
(which re li ably char ac ter ize var i ous ma rine palaeoenviron -
ments and al low eas ier rec og ni tion of re work ing), cal car e ous
nannofossils and palynomorphs.
Most (54%) of se lected lab re ports come from core data,
while the re main ing come from cut tings (less re li able due to the
high prob a bil ity of con tam i na tion). The se lec tion of bore holes
also con sid ered the best pos si ble link both with the sur face and
with 3D seis mic data.
The microfossil as sem blages listed in the core and cut ting
de scrip tions were ar ranged in worksheets and re-in ter preted for 
each type of microfossil and age in ter val. The pre-ex ist ing in ter -
pre ta tions were im ported in Pe trel soft ware as com ment logs
and were com pared to the struc tural model.
The lim i ta tions of these types of study are given by his tor i cal 
de scrip tions, min i mal ac cess to the orig i nal ma te rial, and un -
cer tain ties re gard ing the cor rect ini tial iden ti fi ca tion of the taxa
(be cause of poor pres er va tion, lim ited op ti cal res o lu tion, the
omis sion of the small frac tion of spec i mens, limited lit er a ture
used etc.). When ever pos si ble, these lim i ta tions have been fur -
ther re duced by the in te gra tion of the data with sur face geology, 
and with 3D seismic and well log correlation.
For better and more re li able strati graphic re eval u a tion, we
col lected field sam ples for the rep re sen ta tive micropalae -
ontological as sem blages. Sev eral rep re sen ta tive sec tions were 
re-ex am ined, usu ally lo cated along the river val leys cross ing
the strati graphic suc ces sion (e.g., Ialomiïa, Prahova, Doftana).
Field sam ples were pro cessed by stan dard micropalae -
ontological meth ods. Fos sil foraminifera were re cov ered from
the 63 µm frac tion. Rep re sen ta tive spec i mens were ob served
and pic tured us ing SEM. Cal car e ous nannofossils were ob -
served on smear slides pre pared fol low ing the stan dard tech -
nique (Bown and Young, 1998) and ex am ined un der a po lar -
ized light mi cro scope at ×1000 mag ni fi ca tion.
All biostratigraphic re in ter pre ta tions were ini tially made sep -
a rately for each ma jor tax o nomic group and sub se quently were
put to gether in or der to re duce the amount of un cer tainty re -
gard ing the fi nal in ter pre ta tions.
BIOSTRATIGRAPHIC REEVALUATION
Since the early times of ex plo ra tion, biostratigraphy has
been one of the es sen tial meth ods used for the strati graphic
and sub se quent in ter pre ta tions. Un for tu nately, due to the par -
tic u lar fa cies, the ex pected in dex fos sils could not al ways be
found. For this rea son, in spe cific strati graphic in ter vals, the
biostratigraphy has been based on ir rel e vant or fa cies-de pend -
ent en demic as sem blages. More over, the lo cally de vel oped
biostratigraphic schemes have been sub se quently used for in -
ter pre ta tions of the basin-scale tectonic evolution.
By tra di tion, the biostratigraphy of the DFZ is based on the
syn the sis of Costea and Balteê (1962), which proved to be a
very valu able tool for the needs of the oil in dus try. How ever, re -
cent re-eval u a tion of field ma te rial in some ar eas (Szabo and
Filipescu, 2010; Szabo et al., 2010, 2011; Bercea et al., 2016;
Bãlc et al., 2019) re vealed the need for care ful re vi sion of the
strati graphic in ter val pre vi ously con sid ered Oligocene to mid dle 
Mio cene. This re vi sion should con sider both re cent con tri bu -
tions to the biostratigraphy and the im proved ob ser va tion res o -
lu tion of fered by mod ern tech nol ogy.
Foraminifera prob a bly rep re sent the most re li able group for
the biostratigraphic dat ing of the in ter val stud ied, be cause of di -
rect and in di rect age in di ca tions, good res o lu tion, and the rel a -
tively easy iden ti fi ca tion of re worked spec i mens. For these rea -
sons, we gave pri or ity to this group in our ap proach. Ad di tion -
ally, we con sid ered the sup port ing in for ma tion given by cal car e -
ous nannoplankton and, in some cases, by palynomorphs.
RE-INTERPRETATION OF LAB REPORTS
The palaeogeographic evo lu tion of the area due to the re -
gional tec ton ics pro duced se vere re stric tions on the con nec -
tions to the open sea in most bas ins in the Carpathian do main,
and thus it is dif fi cult to find the typ i cal in dex taxa for the
Oligocene/Mio cene bound ary and for the early part of the Mio -
cene.
From the 626 re vised core and cut ting de scrip tions, only
36% yielded the same re sults as the orig i nals (Fig. 3A). The rest 
sug gest that ei ther the spe cific in ter val clearly be longs to a dif -
fer ent age, or the pos si ble age range was larger (Fig. 3B).
When com bin ing the re sults from the dif fer ent groups, spe cial
at ten tion was given to the cut ting de scrip tions and the po si tion
of the cas ing shoe at the time of sam pling, in or der to re duce the 
un cer tain ties aris ing from sam ple con tam i na tion.
In the case of the lower Mio cene up per Kliwa For ma tion,
which is still con sid ered “Oligocene” by some hy dro car bon
com pa nies (i.e., Munteanu et al., 2014; Fig. 2), 90% of the
strata pre vi ously as cribed to the Oligocene proved to be youn -
ger. Fur ther more, most changes oc curred for the lower Mio -
cene for ma tions, as 95% of the lab re ports ana lysed sug gested
dif fer ent ages com pared to the ini tial in ter pre ta tions (Fig. 3).
FORAMINIFERA
Foraminiferal as sem blages, con tain ing both ben thic and
plank tonic taxa, have been con sid ered as char ac ter is tic of the
“mid to up per Oligocene” Pucioasa For ma tion and “up per
Oligocene” Muereasca For ma tion (Costea and Balteê, 1962).
The dom i nant suboxic ben thic taxa (buliminids – Kaiho, 1994)
in this in ter val sug gest mod er ate depths and re stricted cir cu la -
tion or com mu ni ca tion of the ba sin with the open sea (the bi tu -
mi nous fa cies sug gest even more re stricted con di tions). It is
chal leng ing to cre ate a re li able biostratigraphic frame work for
this in ter val due to the rare plank tonic taxa and their spe cific
wide strati graphic range. How ever, the pres ence of Globigerina
bulloides d’Orbigny and Globigerinoides trilobus (Reuss)1 in the 
lab re ports raises se ri ous ques tions re gard ing strati graphic age
due to their known first oc cur rences, which is early Mio cene for
G-des trilobus and late early Mio cene for G. bulloides in the
Paratethys (Cicha et al., 1998). Fur ther more, in the type sec tion 
of the Pucioasa For ma tion, we iden ti fied spec i mens of
Globigerinoides quadrilobatus (d’Orbigny), con sid ered as mid -
dle Mio cene. In the Ukrai nian part of the Carpathian Foredeep,
the “up per menilites” are con sid ered as lower Mio cene based
on the pres ence of G-des trilobus (Andreyeva-Grigorovich et
al., 1997).
Start ing with the Burdigalian, biozones were es tab lished
based on the most com mon oc cur rence of foraminifera as sem -
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1
 The recent taxonomy uses the name Trilobatus trilobus (Reuss)
blages. The Cornu For ma tion con tains very di verse ben thic and 
plank tonic taxa with wide strati graphic ranges, very sim i lar in
as pect to the typ i cal ma rine Mio cene as sem blages of the sur -
round ing bas ins. Among other plank tonic spe cies, G-des
trilobus and G. bulloides are men tioned in the lab re ports; while
the for mer has its first oc cur rence dur ing the early Mio cene and
has been largely used for de fin ing the early Mio cene biozone in
Ro ma nia (even if it is also com mon in the mid dle Mio cene), the
lat ter sug gests a mid dle Mio cene age.
In sim i lar as sem blages from the Getic De pres sion,
Globigerina subcretacea (Lomnicki), an other mid dle Mio cene
spe cies, has been noted in the lab re ports from the “lower salt
for ma tion”. The field sam ples also sug gest a mid dle Mio cene
age for this unit.
Other prob lems oc cur in dat ing the “up per Burdigalian”
Brebu Con glom er ates from the bound ary be tween the
Subcarpathian and Getic de pres sions, where mid dle Mio cene
Orbulina spec i mens are noted in the lab re ports. Due to the re -
stricted strati graphic range of Orbulina (Cicha et al., 1998), the
early Mio cene age orig i nally sug gested can not be sup ported re -
gard less of whether the spec i mens are in place or re worked.
Biostratigraphic char ac ter iza tion is also dif fi cult for the “Hel -
ve tian” (an ob so lete geo chron ol ogi cal unit used on the Geo -
logic Map of Ro ma nia, scale 1:200,000, cor re spond ing to the
late Burdigalian). Nev er the less, mid dle Mio cene Orbulina spe -
cies have been noted in re ports from the up per “Hel ve tian” of
the Subcarpathian De pres sion. For this rea son, an early Mio -
cene age can not, again, be sup ported.
Usu ally, there is no con flict with the ages given for the base
of the mid dle Mio cene (Badenian), be cause the oc cur rence of
Orbulina seems to be a clear marker. Other plank tonic spe cies,
which were also com mon in the strati graphic in ter val be low, do
not help in im prov ing the res o lu tion.
The as sem blages from the salt brec cia (“up per salt level” –
Olteanu, 1951; Popescu, 1951; Iorgulescu, 1953) con tain taxa
that are sim i lar to the ones con sid ered as “early Mio cene”, thus
sug gest ing that the units may be stratigraphically equiv a lent.
The up per Badenian “radiolarian shales” placed above the
“up per salt”, are dom i nated by radio lar ians, while the
foraminifera are less di verse and con tain no in dex spe cies.
More di verse as sem blages are pres ent in the “Spirialis marls”
that ended open ma rine mid dle Mio cene sed i men ta tion. To -
gether with pteropods, di verse ben thic and en demic plank tonic
(e.g., Velapertina – Popescu, 1976, 1979) spe cies are pres ent,
al low ing dat ing and re gional cor re la tion.
For the up per most part of the mid dle Mio cene (Sarmatian),
biostratigraphic re sults in the lab re ports usu ally match our re vi -
sions if re work ing is con sid ered in par tic u lar cases. This is due
to the ev i dent change in as sem blages’ com po si tion as an ef fect 
of the re duced con nec tions with the global ocean pro duced by
re gional tec ton ics.
In con sid er ing the con sis tency of the data in the lab re ports,
Globigerina bulloides, Globigerinoides trilobus and Orbulina
suturalis, among other spe cies, are usu ally easy to iden tify and
we can as sume that most taxa were cor rectly di ag nosed by the
ex pe ri enced lab work ers involved.
CALCAREOUS NANNOFOSSILS
Due to the high re work ing po ten tial of cal car e ous nanno -
fossils, we mainly fo cused on the core sam ples. We dis count
the pres ence of Cre ta ceous and Paleogene re worked spe cies,
and rely on those rel e vant for Mio cene biostratigraphy.
Most of the ages of cores have been re in ter preted based on 
the stan dard biozonations of Mar tini (1971) and Perch-Niel sen
(1985), cor re lated with other schemes de vel oped for dif fer ent
lat i tudes (Okada and Bukry, 1980; Fornaciari et al., 1996;
Backman et al., 2012). 
Usu ally, the early Mio cene age given by the lab re ports is
based on spe cies with wider strati graphic ranges, such as
Helicosphaera ampliaperta (Bramlette and Wilcoxon) rang ing
from the Aquitanian to Langhian, or Sphenolithus heteromor -
phus (Deflandre) rang ing from the Burdigalian to Serravallian
(Lourens et al., 2004). These spe cies oc cur to gether at many
sites from the Paratethys, Med i ter ra nean and At lan tic re gions
(e.g., Shafik et al., 1998; Mãrunïeanu, 1999; Rögl et al., 2002;
Æoriæ et al., 2004; Faris et al., 2016; Melinte-Dobrinescu and
Stoica, 2013; Sant et al., 2019; Ukpabi et al., 2020) as mark ers
for the late Burdigalian NN4 (Mar tini, 1971) or MNN4a (Forna -
ciari et al., 1996) zones.
In sev eral sam ples, the ab sence of Helicosphaera
ampliaperta and the pres ence of Sphenolithus heteromorphus
re stricted the age to the mid dle Mio cene NN5 Zone (Mar tini,
1971; Perch-Niel sen, 1985), CN4 Zone (Okada and Bukry,
1980) or up per part of the CNM7 Zone (Backman et al., 2012). 
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Fig. 3. Sta tis tics of the biostratigraphic re-eval u a tion of the lab re ports
A – age changes trend (red) and num ber of re vised sam ples (blue); B – ages re sult ing from the re-in ter pre ta tion of lab re ports 
(M1 – early Mio cene, M2 – mid dle Mio cene)
For these rea sons, we con clude that there is no clear ev i -
dence in the lab re ports for an early Mio cene age of the sam -
ples re viewed.
PALYNOMORPHS
Even if the early to mid dle Mio cene biostratigraphy of the Al -
pine – Carpathian re gion re lies on dinoflagellate cysts
(Jiménez-Moreno et al., 2006; Köthe and Piesker, 2007;
Bakraè et al., 2012), the lab re ports did not of fer enough data to
com pare the re cord with the usual zonations. The core and cut -
ting lab re ports had a fair con tent of bo tan i cal de ter mi na tions,
but counts of pol len grains were ab sent in more than half of the
lab re ports. This made biostratigraphic re-eval u a tion very dif fi -
cult but al lowed some palaeo eco logi cal and palaeoclimatic in -
ter pre ta tions, which also sug gest a prob a ble age (i.e.,
Jiménez-Moreno et al., 2005; £abãrã, 2008; £abãrã and
Chirilã, 2012). 
The palynological as sem blages noted in the lab re ports
con sist both of con ti nen tal taxa (spores, pol len) and aquatic
phytoplankton (dinoflagellate cysts and prasinophyte al gae). Of 
these two groups of palynomorphs, the con ti nen tal palynoflora
(gym no sperms and an gio sperms) is dom i nant in the bore holes
studied. 
Paleogene to early Mio cene ages seem com monly to be
based on re worked taxa (e.g., Plicatopollis plicatus Potonié,
Cicatricosisporites sp., Alisporites sp., Cordosphaeridium
inodes Klumpp, Wetzeliella clathrata Eisenack, Deflandrea
phosphoritica Eisenack). A few taxa give clear mid dle-up per
Mio cene ages, such as Achomosphaera crassipellis Deflandre
and Cookson, A. alcicornu Eisenack, Palaeocystodinium
miocaenicum Strauss et al., and Phtanoperidinium
mucronatum Hope (Lubenescu et al., 1986; Köthe and Piesker, 
2007; Bakraè et al., 2012). Sev eral sam ples, pre vi ously as -
signed in lab re ports to the Oligocene to early Mio cene in ter val,
con tain palynological as sem blages typ i cal of mid dle to up per
Mio cene de pos its of the Dacian Ba sin (Ro man and
Papaianopol, 1982; £abãrã, 2008, 2014, Casas-Gallego et al.,
2020a), mainly gym no sperms (Pinuspollenites, Piceapollis,
Abiespollenites, Taxodiaceae) and an gio sperms (e.g.,
Tricolporopollenites, Caryapollenites, Quercopollenites,
Faguspollenites, Sabalpollenites, Tiliapollenites, Alnipollenites, 
Chenopodiaceae). Among the spores con sid ered as mark ers
for the early Mio cene, Mecsekisporites mioceanicus Nagy
mainly oc curs in the mid dle Mio cene (Badenian) of the
Pannonian Ba sin (Nagy, 2005; Mandic et al., 2019). 
The palaeoclimatic con di tions re vealed by the mid dle-up per 
Mio cene palynomorph as sem blages sug gest a warm-tem per -
ate cli mate, with arid phases, as in di cated by some thermophile 
spe cies (e.g., palm pol len, Sapotaceae), xe ro phyt ic grassy
veg e ta tion (Chenopodiaceae), and pol len be long ing to mid-
and high-al ti tude for est (var i ous Pinaceae). Ap prox i mately the
same cli ma tic re gime (with mean an nual tem per a ture val ues
rang ing from 14 to 16.5°C) was es ti mated for the Badenian –
Pontian in ter val of the Dacian Ba sin (£abãrã and Chirilã, 2012;
Casas-Gallego et al., 2020b).
BIOSTRATIGRAPHY OF THE FIELD SAMPLES
Sev eral ex po sures were sam pled for biostratigraphy in or -
der to clar ify the ages of equiv a lent subsurface units de scribed
in the lab re ports. These ex po sures are lo cated along the
Ialomiïa, Prahova, and Doftana rivers, in the area of the
Pucioasa, Bezdead, Ocniïa, Cornu, de Sus, and Brebu lo cal i -
ties (Figs. 4–8). In our quest for rep re sen ta tive lo ca tions, un for -
tu nately, not all sam ples con tained rel e vant microfossils.
There fore, the anal y ses and in ter pre ta tions re fer to a lim ited
num ber of sam ples, but rep re sen ta tive enough to draw some
gen eral con clu sions.
PUCIOASA SECTION
The sec tion stud ied, >300 m thick, is part of the north ern
limb of the Valea Lungã syncline (Bercea et al., 2016; Schléder
et al., 2019) ex tend ing be tween the Ialomiïa and Prahova rivers
(Fig. 4; 45°04‘44“N, 25°26‘58”E).
Fol low ing our pre vi ous study of the Pucioasa and Fusaru
for ma tions (Szabo and Filipescu, 2010; Szabo et al., 2010,
2011), we fo cused on the Mio cene (m1+2 on the Geo log i cal Map
of Ro ma nia, scale 1:50,000) piggy-back suc ces sion. The sec -
tion con sists of off shore, shoreface, and deltaic de pos its, with a
shallowing up wards trend (Fig. 5A, B). The tec tonic ac tiv ity pro -
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Fig. 4. Lo ca tion of the sec tions stud ied and ex po sures in Pucio -
asa, Ocniïa and Bezdead, on a sim pli fied geo log i cal map (mod i -
fied af ter the Geo log i cal Map of Ro ma nia, scale 1:200,000,
pre serv ing the orig i nal ages)
duced lo cal evaporitic bas ins dur ing the tran si tion from
foredeep to piggy-back set tings (Bercea et al., 2016).
One char ac ter is tic fea ture of >50 sam ples col lected from
this turbiditic suc ces sion is the con sis tent re work ing.
The cal car e ous nannofossil as sem blages are char ac ter -
ized by low di ver sity, fluc tu at ing abun dance, and poor to mod er -
ate pres er va tion due to un sta ble palaeoenvironments and
strong cur rents re lated to re gional tec ton ics. The taxa iden ti fied
(Fig. 6N, O) sug gest the pres ence of the NN4-NN5 zones (Mar -
tini, 1971; Perch-Niel sen, 1985) or the MNN4a Zone (Fornaciari 
et al., 1996), and there fore a sug gested age range from
Burdigalian to Serravallian.
The rare spec i mens of foraminifera are small and mainly re -
worked from Cre ta ceous to Mio cene (Fig. 6). Be side the re -
worked spec i mens, some sam ples in clude taxa which are char -
ac ter is tic of youn ger ages than ex pected: even from the lower
strati graphic part of the sec tion, rare spe cies char ac ter is tic to
the mid dle Mio cene (prob a bly late Badenian) are pres ent
(Fig. 6A, B, F). Fur ther more, Motaê (1948, fide Motaê, 1952)
iden ti fied early to mid Badenian molluscs and cor als in this
area, be tween the Pucioasa-Fusaru lithofacies and the
Maeotian. To wards the top of the sec tion, spe cies char ac ter is tic 
of the late Sarmatian, such as evolved miliolids (Fig. 6K–M),
have also been iden ti fied. Their state of pres er va tion may in di -
cate trans port or pos si ble re work ing; there fore, the top most part 
of the sec tion can not be older than late Sarmatian.
It is chal leng ing to iden tify in-situ foraminifera as sem blages. 
How ever, it is cer tain that Badenian and Sarmatian taxa are
pres ent. Thus, the Pucioasa sec tion rep re sent ing the base of
the “Hel ve tian” (or m1+2 on the Geo log i cal Map of Ro ma nia,
Scale 1:50,000) de pos its can not be older than mid dle Mio cene
(Badenian + Sarmatian).
OCNI£A
On the south ern flank of the Valea Lungã syncline, ex po -
sures around Ocniïa (Fig. 4; 45°00’23"N, 25°33’11"E) dis play
mudstones with thin in ter ca la tions of sand stones (with asym -
met ri cal rip ples and HCS struc tures; Fig. 5C), and mas sive
gyp sum. They were de pos ited in a shal low ma rine set ting, as in
the Pucioasa sec tion. tefãnescu et al. (1988) con sid ered
these shal low ma rine de pos its as part of the Doftana For ma -
tion. The Ocniïa ex po sure also hosts a salt diapir, so far con sid -
ered to be sur rounded by lower Mio cene de pos its (Murgeanu et 
al., 1968).
All 15 sam ples  in ves ti gated, col lected from the mudstones
crop ping out around the salt diapir, show strong re work ing. To -
gether with Paleogene and early Mio cene taxa, some spe cies
com mon in late Badenian strata have also been iden ti fied:
Bogdanowiczia pocutica Pishvanova, Cornuspira involvens
(Reuss), Lenticulina inornata (d’Orbigny), and Bolivina antiqua
d’Orbigny (Fig. 7A–D). Ad di tion ally, Streptochilus latum
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Fig. 5A – lower part of the Pucioasa sec tion (mid dle Mio cene: up per Badenian), that con sists of grey mudstones with cm/dm-thick
fine sand stones, tuff (white – cen tre of the pic ture), and gyp sum; B – up per part of the Pucioasa sec tion (Mid dle Mio cene: up per
Sarmatian), made of brown-red dish and grey mudstones with thin clayey siltstones and very fine sand stone in ter ca la tions; C –
Ocniïa sec tion in the Doftana For ma tion: brown-red dish mudstones eroded by dm-thick, amal gam ated, nor mally graded, coarse
(rare) to very fine sand stones with climb ing rip ples (+ brown red dish muddy drapes); D – Bezdead sec tion in the Doftana For ma -
tion: stacked dm/m-thick, fine to me dium, nor mally graded very fine peb bly sand stones/sand stones with brown red dish
dm/m-thick mudstones (yel low rect an gle); ar row shows the way-up of the strata
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Fig. 6. Foraminifera (A–M) and cal car e ous nannofossils (N, O) from Pucioasa sec tion
A – Bogdanowiczia pocutica Pishvanova (late Badenian); B – Ammodiscus sp.; C – Glomospira charoides (Jones & Parker) (Cre ta ceous–
Mio cene); D – Glomospira sp.; E – Pyrgo clypeata (d’Orbigny) (Badenian); F – Globigerina subcretacea Lomnicki (mid to late Badenian); G –
Tenuitella munda (Jenkins) (Oligocene to early Mio cene); H – Dipsidripella danvillensis (Howe & Wallace) (Eocene to Oligocene); I –
Paragloborotalia nana (Bolli) (Oligocene to early Mio cene); J – Valvulineria palmarealensis (Nuttall) (Oligocene to early Mio cene); K –
Affinetrina voloshinovae (Bogdanowicz) (late Sarmatian); L, M – Sinzowella novorossica (Karrer & Sinzow) (late Sarmatian); N –
Helicosphaera ampliaperta (Bramlette & Wilcoxon); O – Sphenolithus heteromorphus (Deflandre)
Biostratigraphic re-eval u a tion of the lower to mid dle mio cene suc ces sion in the East ern Carpathians... 789
Fig. 7. Foraminifera of the Doftana For ma tion
A–H – from Ocniïa: A – Bogdanowiczia pocutica Pishvanova; B – Cornuspira involvens (Reuss); C – Lenticulina inornata (d’Orbigny); D –
Bolivina antiqua d’Orbigny; E – Streptochilus latum Brönnimann & Resig; F – Subbotina hornibrooki (Brönnimann); G – Paragloborotalia
pseudocontinuosa (Jenkins); H – Paragloborotalia nana (Bolli); I, J – from Cornu de Sus: I – Bolivina euzona Hofmann; J – Streptochilus cf.
pristinum Brönnimann & Resig; K–P – from Lunca Mare: K – Globigerina bulloides d’Orbigny; L – Globoturborotalita bulloidea (Crescenti); M
– Tenuitellinata angustiumbilicata (Bolli); N – Globigerinita uvula (Ehrenberg); O – Turborotalita quinqueloba (Natland); P – Globigerinella
obesa (Bolli); Q – from Brebu, Morãroasa Val ley, Elphidium grilli Papp.
Brönnimann and Resig (Fig. 7E), a small and rare plank tonic
spe cies iden ti fied in the Paratethys (Filipescu and Silye, 2008)
is known to have its first oc cur rence in the Tortonian (i.e. late
Sarmatian), there fore its pres ence in the sam ples from Ocniïa
can not give ages older than late Sarmatian.
The Sarmatian age from Ocniïa sup ports the ages from the
north ern part of the syncline in Pucioasa and would con tinue
more nat u rally the tran si tion to the Maeotian above. These re -
sults also show that the salt diapir in Ocniïa is in con tact with
Sarmatian de pos its rather than lower Mio cene, as pre vi ously
con sid ered. This has a far-reach ing con se quence: the dat ing of 
the salt as lower Mio cene be comes ques tion able and needs
care ful re-eval u a tion.
BEZDEAD
At Bezdead, the ex po sure sam pled (Fig. 4; 45°09’22"N,
25°31’54"E) be longs to the Doftana For ma tion and rep re sents
a west ward ex ten sion of the struc tures of the “Slãnic Syncline”.
It con sists of stacked thick fine-me dium nor mally graded sand -
stones and brown mudstones (Fig. 5D). Some chan nels with
cross-bed ded sand stones have been ob served cut ting the
graded sand stones. The over all depositional en vi ron ment may
be re lated to a ma rine brack ish delta front as so ci ated with a
fan-delta (Guzman, 2001). The set tings ex plain the very con -
sid er able amounts of re work ing in the sam ples and the ab -
sence of in-situ typ i cal ma rine as sem blages.
The foraminifera iden ti fied are re worked and range from the 
Paleogene (e.g., flysch-type ag glu ti nated forms) to mid dle Mio -
cene (e.g., Globigerina bulloides). This strong re work ing and
lack of in-situ typ i cal ma rine as sem blages were prob a bly
caused by the char ac ter is tic progradational trend es tab lished
be fore the end of the Badenian. There fore, con sid er ing the fa -
cies and micropalaeontological re cord, we can in fer that the
age of this for ma tion at Bezdead may be Sarmatian, but def i -
nitely not older than late Badenian.
CORNU DE SUS 
The Sãrata Mem ber from Cornu de Sus was sam pled close
to the Eu ro pean road E60 (Fig. 8; 45°10‘24“N, 25°41‘19”E)
from dark grey shales interbedded with cm-thick gyp sum
(Fig. 9A), prob a bly de pos ited in a re stricted coastal/shal low ma -
rine set ting.
The cal car e ous nannofossil re cord in cludes spe cies of Cre -
ta ceous, Paleogene, and Mio cene age. Even if the youn gest in -
dex spe cies is Sphenolithus belemnos (Bramlette and
Wilcoxon), which sug gests the Burdigalian NN3 Zone (Mar tini,
1971; Perch-Niel sen, 1985), we have to con sider the cal car e -
ous nannofossils’ high po ten tial of re work ing.
Un for tu nately, the foraminiferal sam ples are al most ster ile,
ex cept for poorly pre served re worked foraminifera, mainly from
the Oligocene (Fig. 7I), ?lower Mio cene (Fig. 7J), and even mid -
dle Mio cene (e.g., Globigerina bulloides). There fore, a re li able
age can not be es ti mated di rectly, but it is prob a bly not older
than mid or late Badenian.
DOFTANA VALLEY
Along the Doftana val ley, the Cornu and Doftana for ma tions 
were sam pled in the area of the Podu Cheii and Lunca Mare lo -
cal i ties.
The Cornu For ma tion sam pled, north west of Podu Cheii
(Fig. 10A; 46°12‘41“N, 25°44‘43”E) con sists of dark grey
mudstones with thin fine sand stone in ter ca la tions, mudstone
rip-up clasts, and thin gyp sum in ter ca la tions, all de pos ited in a
typ i cal ma rine en vi ron ment.
Sam ples col lected from the grey mudstones (Fig. 9B) have
vari able micropalaeontological con tent, but clear in di ca tion of
the age has been de ter mined. Even the scarce as sem blages of
foraminifera in clude plank tonic spec i mens (Fig. 11). To gether
with sev eral spe cies hav ing a wide strati graphic range, some
are di ag nos tic for the Badenian: Globigerina bulloides
d’Orbigny, Globoturborotalita bulloidea (Crescenti) and
Globoturborotalita apertasuturalis Jenkins (Cicha et al., 1998).
More over, there are spec i mens of Velapertina indigena
(Luczkowska), well known as an in dex taxon for the late
Badenian (Popescu, 1976, 1979). Sim i lar as sem blages were
noted by Crihan and Mãrunïeanu (2006) from the Te lega For -
ma tion in the Meliceêti Syncline.
Sam ples col lected from green ish rip-up clasts in cluded in
the dark mudstones (Fig. 9B) con tain as sem blages with re -
mark ably well-pre served plank tonic foraminifera be long ing to
the gen era Subbotina and Catapsydrax (Fig. 11P, Q), rang ing
from the Paleogene to the early Mio cene; how ever, most taxa
are prob a bly of Oligocene to (?) early Mio cene age. This sam -
ple, which is among the very few yield ing well-pre served
pre-Badenian as sem blages, doc u ments the start of ac tive ero -
sion in the source area dur ing the late Badenian, which prob a -
bly re moved an im por tant part of the Oligocene and lower Mio -
cene de pos its.
The Doftana For ma tion was sam pled north of Lunca Mare
(Fig. 10B; 45°12‘25“N, 25°44‘26”E), just above the Brebu Con -
glom er ate. The se quence in cludes nor mally graded fine-me -
dium sand stones, with asym met ri cal rip ples and cross-bed ding, 
to gether with silty clays (Fig. 9C), prob a bly rep re sent ing a shal -
low ma rine delta front (Guzman, 2001), ap par ently sim i lar to the 
set tings at Bezdead.
The dis tal ma rine red dish silty clays con tain an as sem blage
with smaller ben thic and plank tonic foraminifera, in clud ing
many re worked taxa. Con sid er ing the pres ence of smaller
plank tonic forms (Fig. 7M–P), the age may be lat est Badenian
(see com pa ra ble as sem blages in Filipescu and Silye, 2008), or
some where around the Badenian/Sarmatian tran si tion if a large 
amount of re work ing is con sid ered.
The dark clays from above, which sug gest deep deltaic en -
vi ron ments, pre serve a few plank tonic spe cies that are com -
mon in the Badenian: Globigerina bulloides d’Orbigny and
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Fig. 8. Lo ca tion of the ex po sure stud ied at Cornu de Sus 
on a sim pli fied geo log i cal map (mod i fied af ter the Geo log i cal
Map of Ro ma nia, scale 1:50,000, pre serv ing the orig i nal ages)
Globoturborotalita bulloidea (Crescenti) (Fig. 7K, L). The spec i -
mens’ size and stage of pres er va tion sug gest se lec tive trans -
port and re work ing within prograding deltaic sys tems, prob a bly
around the Badenian – Sarmatian tran si tion.
BREBU
The sec tion from the Purcaru Val ley (north east of Brebu), a
left-side trib u tary of Doftana (Fig. 10C–E) is part of the “Slãnic
Syncline”. It opens a long Mio cene strati graphic sec tion, start -
ing from the lower Badenian and end ing in the Sarmatian.
In the sam ple col lected in the area of the vol ca nic tuff
(Figs. 9D and 10C; 45°11‘08“N, 26°46‘31”E), which seems to
Biostratigraphic re-eval u a tion of the lower to mid dle Mio cene suc ces sion in the East ern Carpathians... 791
Fig. 9A – Cornu de Sus ex po sure (close to the E60 road, mid dle Mio cene): cm-thick sand/gran ule size gyp sum re worked as asym -
met ri cal rip ples (with mud drapes) interbedded with cm-thick black mudstones (some fissility); B – NW of Podu Cheii ex po sure in
the Cornu For ma tion: dark grey, black mudstones with thin very fine sand stones and de formed white mm/cm gyp sum (can be mas -
sive), white cm-thick mudstones de vel oped as rip-up clasts; C – Lunca Mare ex po sure in the Doftana For ma tion: metre-thick
fine-me dium mas sive and nor mally graded sand stones, very fine peb bly sand stones (can be amal gam ated) with mm/cm-thick
brown-red dish mudstones (yel low rect an gle); D – ex po sure in the Purcaru Val ley in the “Slãnic For ma tion”, made of al ter na tions of
mas sive vol ca nic tuff, lam i nated tuffite and light grey mas sive mudstone; ar row shows the way-up of the strata
Fig. 10. Lo ca tion of the ex po sures stud ied in the Doftana Val ley
on a sim pli fied geo log i cal map (mod i fied af ter the Geo log i cal
Map of Ro ma nia, scale 1:50,000, pre serv ing the orig i nal ages)
A – Podu Cheii; B – Lunca Mare; C – Brebu – tuff and salt brec cia; D
– Brebu – “Sarmatian”; E – Brebu – Doftana For ma tion in the
Purcaru Val ley; F – Brebu – Doftana For ma tion in the Morãroasa
Val ley)
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Fig. 11. Foraminifera of the Cornu For ma tion from Podu Cheii
A – Rhizammina sp.; B – Ammodiscus peruvianus Berry; C – Karrerulina conversa (Grzybowski); D – Globoturborotalita bulloidea
(Crescenti); E – Globoturborotalita apertasuturalis Jenkins; F – Trilobatus quadrilobatus (d’Orbigny); G, H – Trilobatus trilobus (Reuss); I –
Trilobatus bisphericus (Todd); J–L – Velapertina indigena (£uczkowska); M – Globigerina bulloides d’Orbigny; N – Paragloborotalia mayeri
(Cushman & Ellisor); O – Subbotina angiporoides (Hornibrook); P – Catapsydrax unicavus (Bolli, Loeblich & Tappan); Q – Subbotina gortanii
(Borsetti)
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Fig. 12. Badenian foraminifera from the Purcaru Val ley sec tion in Brebu
A – Orbulina suturalis Brönnimann (spec i men re sem bling Velapertina sphaerica Popescu); B – Orbulina suturalis Brönnimann (tran si tional
spec i men to Orbulina universa d’Orbigny); C – Praeorbulina circularis (Blow); D – Trilobatus quadrilobatus (d’Orbigny); E, F –
Dentoglobigerina altispira (Cushman & Jarvis); G – Globigerina falconensis Blow; H – Globigerina officinalis Subbotina; I – Globigerina
praebulloides Blow; J – Globigerina subcretacea Lomnicki; K – Globorotalia transsylvanica (Popescu); L – Globigerina lentiana Rögl
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Fig. 13A – “salt brec cia” ex po sure in the Purcaru Val ley made of grey mas sive mudstones with extraclasts of cob bles; B – light grey 
mudstones with cm/dm-scale fine and rare me dium mas sive/nor mal graded sand stones in the mid dle part of the Purcaru Val ley
sec tion; C – upper part of the sec tion of the Doftana For ma tion in the Purcaru Val ley: cm/dm-thick brown-red dish mudstones
interbedded with rare mm/cm-thick grey mudstones; D – Morãroasa Val ley ex po sure in the Doftana For ma tion with al ter nat ing
cm/dm-thick brown-red dish and grey mudstones with dm/m-thick fine/me dium mas sive sand stones; ar row shows the way-up of
the strata
Fig. 14. Thecamoebians from the Purcaru Valley section in Brebu: A–C – Silicoplacentina majzoni Kovary
have been tec toni cally emplaced above the Doftana For ma tion, 
abun dant early Badenian plank tonic foraminifera have been
found (Fig. 12C, E, F, K), in clud ing Praeorbulina circularis
(Blow), Orbulina suturalis Brönnimann and Globorotalia
transsylvanica (Popescu). The vol ca nic tuff ex tends eastwards, 
and to gether with the micropalaeontological as sem blage, may
rep re sent a very use ful re gional marker. This age agrees with
the data fea tured on the geo log i cal maps and with the re sults
pub lished by Sant et al. (2019).
A few metres up stream, in the vi cin ity of a salty spring and
el e ments of “salt brec cia” (Fig. 13A), a very abun dant as sem -
blage with si li ceous tes tate amoe bas (thecamoebians) be long -
ing to the ge nus Silicoplacentina Köváry has been iden ti fied
(Fig. 14). Silicoplacentina was noted by Köváry (1956),
Schreiber et al. (1985), Fuchs and Schreiber (1988), Gagiæ
(1992), and Paruch-Kulczycka (1999) from the up per Mio cene,
while Cicha et al. (1971) re ported it from the lower Mio cene. We
also iden ti fied it in the up per Sarmatian of the Transylvanian
Ba sin. There fore, its strati graphic value is ques tion able but
more im por tant seems to be its palaeo eco logi cal sig nif i cance
be cause it sug gests euryhaline en vi ron ments (Asioli et al.,
1996). This as sem blage, clearly placed in a higher strati graphic
po si tion rel a tive to the vol ca nic tuff, may ei ther be long to the mid 
Badenian re stric tive en vi ron ments or even to the low er most up -
per Badenian Radiolarian shales (as other si li ceous or gan isms
have been re corded from this unit by Popescu, 1979).
The sam ple col lected from the pre sumed lower to mid dle
Sarmatian (Figs. 10D and 13B; 45°11’40"N, 25°46’48"E) in the
same val ley con tains a few taxa com mon in the lower and mid -
dle Mio cene, but a de tailed ex am i na tion in di cated a late Baden -
ian age (Velapertina Zone, see dis cus sions and Fig. 12A, B),
which com pletes the nor mal Badenian suc ces sion.
Sam ples col lected from the up per sec tion (Doftana For ma -
tion; Figs. 10E and 13C; 45°12’03"N, 25°46’33"E), con tain only
a few small-sized re worked spec i mens, which are dif fi cult to de -
ter mine. The in ter val is prob a bly re lated to a sig nif i cant
progradational phase and the as sem blages re sem ble those in
Bezdead, Cornu de Sus, and Lunca Mare.
An other sec tion was stud ied in the Morãroasa Val ley (east
of Brebu), a left-side trib u tary of Doftana, south of Purcaru
(Fig. 10F; 45°10’32"N, 25°47’12"E). The sedimentological char -
ac ters (Fig. 13D) show a strong con ti nen tal in flu ence, mainly of
deltaic en vi ron ments, also re flected in the very sparse
micropalaeontological re cord, as most sam ples proved to be
bar ren or con tained just a few poorly pre served re worked spec i -
mens.  The sam ples were col lected from fine sed i ments in ter -
ca lated in a suc ces sion of con glom er ates, sand stones, gyp -
sum, and vol ca nic tuffs pre sumed as be long ing to the lower to
mid dle Mio cene. Only one sam ple, placed me ters above the
Brebu Con glom er ate in cluded the ben thic foraminifer Elphidium 
grilli Papp (Fig. 7Q) which is usu ally com mon in the Sarmatian
and rarely noted from the late Badenian (Cicha et al., 1998). Al -
though we need ad di tional ev i dence based on these re sults
from other lo ca tions, it seems that the de pos its may not be older 
than Sarmatian.
DISCUSSION
AGES BASED ON LAB REPORTS
Some gen eral ob ser va tions need to be out lined for the as -
sem blages re viewed from the lab re ports.
The orig i nally given “Oligocene” ages for the deep parts of
the bore holes stud ied need to be care fully re con sid ered be -
cause the core sam ples do not con tain di ag nos tic Oligocene
foraminifera. More over, the lo cal pres ence of Globigerina
postcretacea Mjatliuk, Globigerina praebuloides Blow,
Globigerinoides trilobus (Reuss), and Globorotalia praescitula
Blow sug gest a Mio cene age, while Globorotalia scitula
(Brady), Globigerina bulloides d’Orbigny, and “Nonion
granosum” [prob a bly ei ther Porosononion granosum
(d’Orbigny) or Poroso nonion subgranosus (Egger)] are mid dle
Mio cene forms (Ken nett and Srinivasan, 1983; Cicha et al.,
1998).
The “lower Mio cene” Globigerina bulloides d’Orbigny,
Globi gerina subcretacea Lomnicki, Globorotalia bykovae
(Aisenstat), Globorotalia mayeri (Cushman and Ellisor),
Globorotalia menardii (Parker, Jones and Brady), Globorotalia
praemenardii Cushman and Stainforth and Globorotalia scitula
(Brady), have their first oc cur rence in the mid dle Mio cene (Ken -
nett and Srinivasan, 1983; Cicha et al., 1998). There fore, the
“early Mio cene” age given by spe cific plank tonic taxa is ques -
tion able.
A typ i cal Badenian age is usu ally given by the pres ence of
Orbulina suturalis Brönnimann (early Badenian) and
Velapertina Popescu (late Badenian). In some cases, the
“Orbulina universa” listed may be in fact evolved spec i mens of
Orbulina suturalis, as shown by the closely sim i lar mor pho log i -
cal char ac ters.
If the above-men tioned as sem blages and the ones de -
scribed by Costea and Balteê (1962) from the whole in ter val be -
tween Oligocene and mid dle Mio cene are care fully ana lysed, it
is dif fi cult to find sig nif i cant dif fer ences be tween the plank tonic
as sem blages, ex cept for the pres ence of Orbulina and
Velapertina. For this rea son, these sim i lar as sem blages sug -
gest a com mon his tory, in clud ing the pos si bil ity of re work ing.
The Sarmatian has been dated based on en demic as sem -
blages, which, to gether with a clear dis tinc tion of re worked taxa, 
makes the biostratigraphy of some Sarmatian in ter vals quite
straight for ward.
AGES BASED ON SURFACE LOCALITY DATA
In the up per sec tion of the Purcaru Val ley at Brebu
(Fig. 10D), con sid ered as Sarmatian, a pre lim i nary ob ser va tion
by light mi cro scope showed the pres ence of Orbulina suturalis
Brönnimann, which is clear in di ca tion of an early Badenian age. 
Sub se quent ex am i na tion of spec i mens by SEM re vealed a par -
tic u lar sit u a tion. The spec i men in Fig ure 12A shows the test ar -
chi tec ture and sur face struc ture char ac ters of both Orbulina
suturalis fig ured by Ken nett and Srinivasan (1983: pl. 20, no. 1)
and Velapertina sphaerica fig ured by Popescu and Crihan
(2011: plate 6, no. 17). Apart from the tax o nomic af fil i a tion, it is
ev i dent that the test ar chi tec ture is more evolved (a more fully
em brac ing last cham ber) com pared to the typ i cal early
Badenian Orbulina suturalis and, there fore, we as sume that the 
spec i men be longs to a stratigraphically youn ger as sem blage,
i.e., to the Velapertina Zone of the late Badenian. This as sump -
tion may be sup ported by the sur face char ac ters of the spec i -
men in Fig ure 12B, which seems to be tran si tional to the typ i cal
spher i cal, smooth, and densely per fo rated Orbulina universa
d’Orbigny (hav ing its first oc cur rence in the Med i ter ra nean dur -
ing the Serravallian – the equiv a lent of the late Badenian – but
not clearly proven so far in the Paratethys). For the rea sons
above, we con sider that the as sem blage in dis cus sion is not
early, but late Badenian. This seems to be sup ported by the po -
si tion of the sam pled unit, be tween the mid-Badenian and
Sarmatian units seen in the Purcaru sec tion. This type of as -
sem blage dem on strates the need for very care ful re vi sion of
the Badenian biostratigraphic zonation of the “Slãnic Syncline”
and the whole East ern Carpathian area.
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Dif fer ent types of as sem blage ob served in the Sarmatian of
the Mãceêu and Doftana for ma tions prob a bly oc cur in re la tion
to dif fer ent palaeoenvironmental set tings, with brack ish shal low 
ma rine ar eas (Mãceêu, dom i nated by in-situ spec i mens)
crossed by deltaic sys tems (Doftana, dom i nated by re worked
spec i mens). Fur ther stud ies on these for ma tions would re fine
the po si tion of their bound aries and the dis tri bu tion in space and 
time of spe cific fa cies.
RELEVANCE OF BIOSTRATIGRAPHIC DATA TO REGIONAL EVOLUTION
Due to the salt tec ton ics, the struc ture of the “Slãnic
Syncline” seems to be more com plex than cur rently thought.
While Mãrunïeanu (1999) and Melinte-Dobrinescu and Stoica
(2013) sug gested ear lier ages, Bojar et al., (2018) cal cu lated
the age of Slãnic Tuff at 13.7 Ma, which cor re sponds to the late
Badenian ac cord ing to the clas si fi ca tion of Hohenegger et al.
(2014). This seems to be sup ported by the foraminifera and cal -
car e ous nannofossil as sem blages oc cur ring be low the tuff
(Bojar et al., 2018), which do not look older than mid-Badenian.
The Slãnic Tuff may be the re sult of a dif fer ent erup tion than
that which formed the tuff out crop ping at Brebu (Purcaru Val -
ley), which is of an early Badenian age, as shown by our
foraminifera as sem blages. There fore, the lithological cor re la -
tion po ten tial of the vol ca nic tuffs in the area needs to be care -
fully con strained us ing biostratigraphy. It seems that the mid
Badenian salt from Slãnic reaches the sur face as a diapir sur -
rounded by salt brec cia and fol lowed by not lower, but up per
Badenian (Slãnic For ma tion on the map) and Sarmatian
(Doftana For ma tion on the map), there fore the struc ture around 
the diapir must be an anticline, bor dered by syn clines, as shown 
on the re vised geo log i cal map pro posed in Fig ure 15.
At the mo ment, we have no proof that any of the out crop -
ping salt diapirs cross pre-mid dle Badenian for ma tions. Our re -
sults show that an over es ti mated biostratigraphic age may be a
re li able op tion for the in ter pre ta tion of youn ger ages cal cu lated
for the lower Mio cene salt in the Carpathian Foredeep (Léost
and Férraud, 2001; Wójtowicz et al., 2003). At least for the DFZ, 
a more nat u ral strati graphic po si tion for the “lower salt” would
be in the mid Badenian (as a well-known and widely dis trib uted
unit in the Paratethys), while the much thin ner “up per salt” may
have formed by the same body which reached the sur face,
prob a bly not be fore the late Sarmatian, and flowed into the pe -
riph eral syn clines. Re gard less of the salt age, this seems to be
a vi a ble mech a nism in the area, as al ready dis cussed by means 
of seis mic in ter pre ta tion and an a logue mod el ling (Schléder et
al., 2019; Tãmaê et al., 2019).
The up per Cornu For ma tion to gether with the lower Doftana 
For ma tion (Brebu Con glom er ate) pre serve ev i dence of an im -
por tant ero sional phase re lated to re gional tec ton ics, ac tive
around the Badenian/Sarmatian bound ary. This may be cor re -
lated with the ero sional phase iden ti fied in the up per Badenian
of the Transylvanian Ba sin (Krézsek and Filipescu, 2005;
Krézsek et al., 2010). By this means, we may have clearer ev i -
dence of a re gional tec tonic phase, pre vi ously con sid ered as
Burdigalian (Sãndulescu, 1988).
CONCLUSIONS
The Oligocene to Mio cene for ma tions in the CBZ de vel -
oped un der par tic u lar palaeoenvironmental set tings, and so the 
stan dard biozones have not al ways been iden ti fied. This pro -
moted forced lo cal biozonations, which be came the ba sis for
the re con struc tion of Carpathian evo lu tion with all the con se -
quences for sci ence and ex plo ra tion of nat u ral re sources.
Re-eval u a tion of lab re ports on cores con sid ered as lower
Mio cene and ad di tional ex am i na tion of field sam ples col lected
from the Cornu and Doftana for ma tions showed clear ev i dence
of dif fer ent ages. This study in di cates that the Cornu For ma tion
(m1Cn on the Geo log i cal map of Ro ma nia, scale 1:50,000) is
mid dle Mio cene (up per Badenian) and con tains ex otic clasts of
Oligocene and lower Mio cene age. The lower and mid dle Mio -
cene Doftana For ma tion (m1+2 on the Geo log i cal map of Ro ma -
nia, scale 1:50,000) seems to rep re sent a part of the mid dle
Mio cene, mainly the Sarmatian. The rare oc cur rence of in dex
spe cies and strong re work ing are prob a bly re lated to the spe -
cific en vi ron men tal set tings, as so ci ated with highly
progradational sys tems con trolled by re gional tec ton ics.
Due to salt tec ton ics, the struc ture of the “Slãnic Syncline”
seems to be more com plex than cur rently con sid ered. The salt
out crops as a diapir sur rounded by up per Badenian de pos its,
there fore the struc ture around the diapir must be an anticline,
bor dered by syn clines to the north and south. The dif fer ent
ages of the Slãnic Tuff and its pre vi ously con sid ered equiv a -
lents sug gest the need for care ful re vi sion of their basinal and
re gional cor re la tion po ten tial.
At the mo ment, we have no proof that any of the out crop -
ping salt diapirs pen e trated pre-mid dle Badenian for ma tions.
As strati graphic re la tion ships are the pri mary source for the salt
age in the CBZ, youn ger ages dem on strated for the sur round -
ing for ma tions may have a sig nif i cant im pact on in ter pre ta tion
of the depositional his tory and struc tural evo lu tion of the area.
An im por tant ero sional phase re lated to re gional tec ton ics
has been dem on strated around the Badenian/Sarmatian
bound ary, which prob a bly needs to con sid ered as part of the
intra-Burdigalian phase with all the con se quences for the evo lu -
tion of the Carpathians.
Our re sults sug gest that the stra tig ra phy and struc tural re la -
tions be tween the for ma tions of the CBZ need to be fun da men -
tally re con sid ered. Fur ther ev i dence and a care ful check on
how our re sults fit with the field re al ity out side the in ves ti gated
area and with the ex ist ing subsurface data will be nec es sary to
al low a re vised model of Carpathian evo lu tion.
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